Transgene insert location in the genome through different methods is random. Thus, alterations in the expression of desired trait may occur, as well as alterations in the expression of other characteristics of receptor plant. The purpose of this study was to compare Bt transgenic maize hybrids and the respective conventional isogenic hybrid in relation to adaptability and phenotypic stability. Field trails were set up in four locations of Minas Gerais, Brazil (Campo do Meio, Lavras, Madre de Deus and Paraguaçu). A randomized complete block design was used, with three replications, and the treatment structure was a factorial 6 × 2, with six hybrids in the transgenic and conventional versions. Plant and ear height and grain yield were evaluated. To estimate stability, the Anicchiarico, Wricke and AMMI methodologies were used. Grain yield and ear height of the transgenic hybrids and their respective conventional isogenic hybrid did not differ. There are differences in the phenotypic stability between transgenic hybrids with Bt technology and their counterpart conventional isogenic hybrid.
Introduction
In 2014, biotechnological crops occupied 42.2 million hectares in Brazil [1] , with the area planted to transgenic maize with the Bt gene at approximately 12.5 million hectares. Rapid adoption of this technology by Brazilian producers has been observed in consideration of the fact that the first varieties of genetically modified maize were released for planting in 2008.
Bt maize cultivars are obtained through insertion of a determined gene of the Bacillus thuringiensis bacteria by biolistic device or by Agrobacterium tumefaciens in the genome of this species [2] . In these two plant transformation systems, the location of insertion of the desired gene in the plant genome is at random.
Random insertion of the gene may sometimes result in alterations in the DNA sequence to be inserted and may sometimes alter the genome of the receptor [3] [4] . Thus, alterations in the expression of desired characteristics may occur, as well as alterations in the expression of other characteristics of receptor plants [4] [5] . Morphological alterations in various crops are described in the literature, such as rice [6] , soybeans [7] , cotton [8] and maize [9] .
Another aspect of interest in studies with transgenic cultivars with the Bt gene is associated with the genotype by environment interaction (GxE), which is directly associated with the analyses of phenotypic stability of the cultivars.
The GxE interaction is characterized when the behavior of breeds, inbred lines or cultivars is not consistent in the different environments, i.e., the responses of the genotypes are different in the face of alterations that occur in the environments [10] . The nature of the interaction must be attributable to physiological and biochemical factors belonging to each cultivar. In genetic terms, the interaction may occur when the contribution of the genes that control the trait or its level of expression differ among the environments. This occurs because the gene expression is affected and/or regulated by the environment [11] .
Analyses of stability seek to evaluate the reaction of a genotype in relation to other genotypes in different environments [12] . Differences in insect and disease resistance may be associated with the stable or unstable performance of the cultivar [13] . Thus, Kang [13] reports that if the GxE interaction were caused by damages from the European Corn Borer (Ostrinia nubilalis), a gene conferring resistance to this pest, for example Bt, could be inserted in the plants. That way, greater stability could be conferred to the genotype. As such, Blanche et al. [8] comparing transgenic cotton cultivars with the respective non-transgenic isogenic lines, observed that there are differences in the levels of phenotypic stability in accordance with the characteristic analyzed and the event used. In the literature, results comparing transgenic maize hybrids with the respective non-transgenic isogenic lines in regard to adaptability and phenotypic stability are scarce.
In light of the above, the purpose of this study was to compare transgenic maize hybrids with the respective non-transgenic isogenic hybrid in relation to agronomic traits and the phenotypic stability.
Material and Methods
The experiments were conducted in the summer 2009/2010 crop season in a no-till system in four locations in the southern region of Minas Gerais, Brazil: Campo do Meio (850 m altitude, 21˚05'S and 45˚34'W), Lavras (988 m, 21˚14'S and 45˚00'W), Madre de Deus (1018 m, 21˚31'S and 42˚20'W) and Paraguaçu (720 m, 21˚45'S and 45˚15'W).
Six single hybrids were evaluated (AG8060, AG8088, DKB185, IMPACTO, MAXIMUS and P30F53), in the transgenic versions with the Bt gene and conventional versions. The AG8060, AG8088, DKB185 and P30F53 transgenic hybrids belong to the group of cultivars with the MON810 event. The Impacto and Maximus hybrids, for their part, also in the transgenic version, are derived from the BT11 event. The hybrids belong to different Seed Companies in Brazil. They were selected because they were available in the seed market in both conventional and transgenic versions in the season 2009/2010. A randomized complete block design with three replications was used. The treatment structure was a factorial 6 × 2, with six hybrids and two types, transgenic and conventional versions. Plots consisted of four five-meter length rows spaced at 0.80 m. The two center rows were considered to be useful for data collection. Density was five plants per linear meter after thinning, equivalent to 62,500 plants per hectare. Plant height, ear height and grain yield characteristics were evaluated. Evaluation of plant height as well as ear height was undertaken with the aid of a measuring tape, measuring five plants per plot. Plant height was R. P. Diniz et al.
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measured from ground level up to the base of the tassel and ear height from ground level up to the base of the first ear node.
Grain yield was determined after harvest, shelling of the ears and weighing the grain. Moisture content was determined immediately after harvest and the yield, quantified in kg, was adjusted to the value of 13% moisture content and expressed in kg•ha −1 . For the grain yield trait, with a view toward correcting irregularities in stand, analysis of covariance was carried out according to Ramalho et al. [14] . Average yields of the plots, in all the experiments, were corrected to ideal stand (50 plants/8m 2 ). Before undertaking individual and joint statistical analyses, an analysis for all the traits evaluated was undertaken for the purpose of verifying if there were statistical differences between the transgenic events MON810 e BT11 used in this experiment.
Analyses of individual variances were made for all the characteristics evaluated. Subsequently, joint analyses were also made.
Before undertaking joint analyses, the homogeneity of the residual variances among the environments was checked by means of the ratio between the greatest and least mean square error of the environments. The variances were considered homogeneous when the value was less than seven, in accordance with Pimentel Gomes [15] . That way joint analysis of variance of the data may be performed.
Individual and joint analyses were undertaken by means of the "GLM" (General Linear Models) procedure of the SAS v 8.0 statistical computing package [16] . Mean values were grouped by means of the Scott-Knott test at 5% probability using the Genes computing package [17] .
To estimate hybrid stability (conventional and transgenic), the Anicchiarico [18] , Wricke [19] and AMMI (Additive Main Effects and Multiplicative Interaction Analysis) methods were chosen [20] [21] . These methods were chosen for providing easily interpretable results.
AMMI uses ordinary ANOVA to analyze the main effects (additive part) and Principal Component Analysis (PCA) to analyze the non-additive residual left over by the ANOVA [21] . The interaction is the genotype PCA score multiplied by that of the environment. When a genotype and environment have the same sign on their respective first PCA axis, their interaction is positive, if different, their interaction is negative. An AMMI plot is a graph where aspects of both genotypes and environments are plotted on the same axis so that interrelationship can be visualized. It provides a pictorial view of the transformed G × E interaction [21] for any interpretation. In a biplot where IPCA1 is on the vertical axis and mean yield on the horizontal, genotypes that appear almost on a perpendicular line had similar means and those that fall almost on a horizontal line had similar interaction patterns. Genotypes or environments with large IPCA1 scores, either positive or negative had large interactions, whereas genotypes with IPCA1 score of zero or nearly zero had smaller interactions [21] . The biplot of the first two IPCA axis demonstrates the relative magnitude of the GEI for specific genotypes and environments. The further away from the axis center genotype or environment is, the larger the genotype × environment interaction
To verify the significance of the hybrid stability provided by the method of Wricke [19] , (H 0 : 2 W i = 0), the statistical test proposed by Lisbão Júnior was used [22] . However, the tester was altered by the mean square error, which is justified by the hybrid x location interaction being of a fixed nature in the present study.
Results and Discussion
By means of analysis of variance of the characteristics evaluated, more specifically of the contrast test, it was observed that the MON810 and BT11 events were not statistically different between themselves (data not shown). That way it was inferred that the events may be considered as having equal effects. They were thus grouped in a single category (Bt transgenics), belonging to the "types" source of variation, for later performance of statistical analyses.
By means of joint analyses of variance involving the four experiments, significance (P < 0.05) was observed for the diverse sources of variation for all the characteristics evaluated ( Table 1) . It was observed that these significant sources were common for the parameters evaluated, plant height and ear height, with the exception of "Types" for plant height.
It may be verified that the Locations source of variation was significant for the three traits evaluated ( Table 1) . Results like this are common since each location has different edaphoclimatic conditions. Consequently, these may have a different effect on performance of the hybrids evaluated.
For the Types variation source, significance shows that there were differences between transgenic and conventional hybrids in relation to plant height ( Table 1) . It was observed that transgenic plants with Bt technology were larger than the plants without this technology, with mean values of 231 cm and 227 cm respectively ( Table  2) . The comparative analysis of the values of plant height, ear height and grain yield did not show significant differences between the transgenic hybrids and the respective isogenic hybrid [23] .
Significance of the Hybrid × Types interaction shows that hybrid performance in relation to plant height and ear height depends on the version (transgenic or conventional). It was verified that the hybrid P30F53, in the transgenic version, had greater plant height than its respective conventional version ( Table 2) . Similar results were reported by Magg et al. [9] . The authors concluded that transgenic plants of Bt maize, when grown under controlled conditions, were larger in relation to the plants of the respective conventional versions. The hybrids DKB185 and P30F53, in the transgenic version, had greater ear height in relation to the respective conventional isogenic lines ( Table 2) .
For the plant height, ear height and grain yield characteristics, significance was verified for the interaction between Locations x Hybrids ( Table 1) . It is known that plant development may be different according to the prevailing climatic conditions in the different locations of evaluation. It may thus be affirmed that at least one hybrid had better performance for the characteristics evaluated in at least one location.
The Types source of variation for grain yield was not significant (P ≥ 0.05) ( Table 1 ). This result indicates [24] . When the yield of similar cultivars is compared, transgenic and conventional, it is observed that, controlling other factors, in conditions where there is no pressure of pests and/or insects from the environment on crop development, the yield of the conventional crop is equal to or slightly higher than the yield of the crop with transgenic [24] . The interaction between Hybrids × Types for grain yield was also not significant (P ≥ 0.05) ( Table 1) . That shows the performance of transgenic hybrids with the Bt gene is similar to that of their respective conventional isogenic hybrid ( Table 2) . These results are also in agreement with those found by Graeber et al. [25] , Ma and Subedi [26] and Laserna et al., [27] . Nevertheless, Magg et al. [9] undertaking a study in two environments, one with pest control and another without any corn worms infestation, reported that in both the experiments, the transgenic hybrids had a greater yield than the counterpart isogenic hybrid. Generally, Bt corn hybrids out yielded their non-Bt hybrids by 13% -23% when European corn borer infestation was severe [28] .
In Brazil, a rapid increase has been observed in substitution of conventional hybrids for hybrids with Bt technology. Consequently, a tendency of rising costs for hybrid seeds is noted, which may make its adoption unviable for a large group of farmers. An increase in the cost of transgenic seeds with the Bt gene is observed in the order of US$40.00 to US$80.00 per bag when compared to the same seed without the Bt technology. Thus, it is important to take into consideration at the time of recommending the hybrid if the use of the Bt technology will compensate the greater seed cost.
The mean values, the estimates of ecovalence ( 2 i W ), of the relative contribution of each genotype to the interaction (CR i ) by the method of Wricke [19] and of the confidence index (I i ), the mean of the percentages of each hybrid in the four environments (p i ) and the standard deviation (s i ) of each hybrid, by the method of Anicchiarico [18] , for grain yield of transgenic maize hybrids and the respective conventional isogenic hybrid, are presented in Table 3 .
It may be observed that the hybrid Maximus showed the greatest relative contribution to the interaction, 18.8% in the transgenic version, and also showed the lowest contribution, with 2.7% in the conventional version ( Table  3) . That way, in the transgenic version, this hybrid has less stability in relation to the respective non-transgenic isogenic hybrid. This result may be explained as a result of the non-coincidence of the performance of this hybrid in the different locations of evaluation. The hybrids AG8088 and P30F53 in the transgenic version also had a greater relative contribution to the interaction, exhibiting less stability. In contrast, the hybrids AG8060, DKB185 and Impacto exhibited less stability in the conventional version.
By means of the modified test of Lisbão Júnior at 5% probability, it was observed that only the Maximus hybrid with Bt technology contributed in a significant manner to the interaction. Thus, this hybrid was not consi- Table 3 . Mean values and estimates of the parameters of phenotypic stability by means of the methods of Anicchiarico (1992) and Wricke (1965) dered stable while the others were considered stable. According to the confidence index of Anicchiarico [18] , at the 25% level of significance, in the worst of hypotheses, the hybrids AG8060 and AG8088 in the transgenic version had performance 3.5% and 9% superior to the mean of the environment ( Table 3) . It is also observed that the Maximus hybrid in the transgenic and conventional versions, even under favorable environmental conditions, had performance 1.1% and 4.8% below the mean of the environment.
In relation to AMMI analysis, it was observed that only the first main component (CP1) of the decomposition of the GxE interaction was significant, explaining 58.75% of the square sum of the interaction. It may be inferred that this axis concentrates the greatest proportion of the differential response pattern of the hybrids according to the locations.
The AMMI diagram (Figure 1) shows that the hybrids, AG8060 transgenic and Impacto transgenic stood out with lower scores of the CP1, indicating that they contributed less to the interaction. Thus, these hybrids were more stable.
The hybrids AG8060 and Impacto in the transgenic version were more stable in relation to the respective conventional isogenic hybrid when compared by the three methods proposed. This result may be explained in terms of these hybrids with Bt technology being more tolerant to pest attack. Phenotypic stability for grain yield depends on various plant characteristics, among them, grain yield itself and resistance to insect pests [29] . Nevertheless, when the Bt gene is inserted in the genome of maize plants, it is expected that they are capable of bearing a greater pest attack, maintaining the same yield when compared to plants without this gene. Similar results were reported by Blanche et al. [8] when the authors compared Bt transgenic cotton cultivars with the respective conventional isogenic lines. The authors concluded that the transgenic cultivars were more stable than the conventional cultivars for the plant height characteristic and percentage of linters, among others. In this research, it was seen that the phenotypic stability was different for some maize hybrids when compared transgenic hybrids and the conventional isogenic hybrid. However, it does not allow us to conclude that transgenic hybrids are more stable than conventional hybrids as proposed by Kang [13] . In that way, more researches are needed to be done to verify if there is difference in the phenotypic stability among transgenic and conventional hybrids.
Conclusions
Plant height of the hybrids varies according to the type of hybrid (conventional or transgenic); in general, the transgenic hybrids have greater plant heights than the conventional hybrids.
Grain yield and ear height of the transgenic hybrids and their respective conventional isogenic hybrid were similar.
There are differences in the phenotypic stability between transgenic hybrids with Bt technology and their respective conventional isogenic hybrid.
